ABSTRACT
INTRODUCTION
Alterations in the amount, distribution, and metabolic profile and hormonal pathways of both skeletal muscle and adipose tissue in individuals with type 2 diabetes are increasingly recognized as central to the pathophysiology of this disorder [1] . For example, 90% of individuals with type 2 diabetes are obese [2] , and excess adipocytes accumulation is primarily central (subcutaneous and visceral truncal) in distribution [3] . Excess visceral adiposity is one of the most important abnormalities linking insulin resistance, type 2 diabetes, metabolic syndrome, systemic inflammation, and the vastly elevated risk of cardiovascular morbidity and mortality in this cohort [4] . Recent evidence has revealed several biological and genetic differences between intra-abdominal visceral fat and peripheral (appendicular) subcutaneous fat. For example, visceral adipose tissue floods the portal circulation with free fatty acids (FFA), thus exposing non-adipose tissues to FFA excess. This is accompanied by increased triglyceride (TG) accumulation in muscles, liver and pancreatic beta-cells, resulting in both insulin resistance and beta-cell dysfunction/insulin deficiency [3] . Moreover, visceral adipose tissue (via macrophages residing in this fat depot) produces pro-inflammatory cytokines including tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) and contributes to less production of anti-inflammatory adiponectin than other adipose depots [5] . These cytokines imbalances contribute to insulin resistance and play a major role in the pathogenesis of endothelial dysfunction and subsequent atherosclerosis [6] . In contrast, peripheral subcutaneous adipose tissue performs a vital role of buffering fluxes of FFA in the circulation [3] . There is also evidence suggesting that the subcutaneous fat plays an important role in modulating peripheral insulin resistance by regulating visceral fat accumulation [6] . For example, in animals, peripheral lipectomy (reducing the number of subcutaneous adipocytes) causes increased lipid deposition in visceral adipose tissue, muscle and liver with metabolic consequences similar to the insulin resistance syndrome [3] . It has also been reported that bilateral removal of subcutaneous inguinal fat pads in mice resulted in increased accumulation of visceral fat and TNF-α expression, decreased insulin sensitivity and Tyrosine phosphorylation of IRS-1. These abnormalities were corrected after re-implantation of inguinal fat [7, 8] . However, the role of subcutaneous adipose tissue in insulin resistance, type 2 diabetes, metabolic syndrome, systemic inflammation, and cardiovascular morbidity and mortality, and its adaptation to interventions such as diet and exercise in human are not fully understood. Liposuction in human has contradictory effects on insulin sensitivity. For example, Giugliano [9] and González [10] reported that subcutaneous liposuction in obese women led to an improvement in insulin sensitivity. On the other hand, Ybarra [11] and Robles-Cervantes [12] found that subcutaneous liposuction was not related to insulin sensitivity in non-diabetic overweight or obese women. However, liposuction in humans is usually the removal of both abdominal and peripheral subcutaneous adipose tissues, in contrast to the animal studies that specifically performed lipectomy in peripheral subcutaneous adipose tissues. On the other hand, weight loss by diet/exercise reduces both of these subcutaneous fat depots, and importantly selectively targets visceral fat as well [13] . Thus, studies of subcutaneous fat itself in relation to regional and whole body metabolism in those with type 2 diabetes and related syndromes are of great interest.
Although skeletal muscle biopsy has been used for many years in adults with type 2 diabetes to understand the factors related to insulin resistance such as muscle fiber distribution, glycogen storage, insulin signaling, oxidative and glycolytic enzyme capacity, markers of inflammation, and lipid metabolism [14] , there is only one publication in English to our knowledge describing simultaneous muscle and subcutaneous adipose tissue biopsies in this or any cohort [15] .
Therefore, the purpose of this investigation was to introduce a simple and novel method of obtaining both skeletal muscle and subcutaneous adipose tissue in one biopsy through the same incision, for the purpose of indentifying the roles of both muscle and peripheral subcutaneous fat in the pathogenesis and treatment of obesity, insulin resistance, and type 2 diabetes. Participants had to be over 60 years old and sedentary (no progressive resistance training (PRT); structured exercise ≤ 1/week; less than 150 min/week low or moderate-intensity walking or other aerobic exercise). Participants could be treated with diet alone, oral medications or insulin or combination at the time of enrolment. Participants had to have stable chronic diseases, and be willing to commit to a 12-month exercise training program, 3 times per week.
METHODS

Study Design
Biopsies were performed at 3 time points: baseline, 6 months after training, and 12 months after training (see Figure 1 ). Participants were required to stop any medications that might increase the risk of bleeding subsequent to the biopsy from 7 days before the biopsy until 2 days after the biopsy. This medication list is shown in Appendix 1. Biopsies were not performed on participants who could not safely stop anticoagulants due to atrial fibrillation, mechanical heart valve, recent stent procedures or recent thrombosis/embolism. Participants took all other medications as usual on the biopsy day. Participants were allowed to refuse the biopsy and still participate in the trial.
Skeletal Muscle and Subcutaneous Adipose Tissue Biopsy
Percutaneous needle biopsies of the non-dominant vastus lateralis (knee extensor) muscle and subcutaneous adipose tissue were obtained under local anaesthetic (1% Xylocaine HCl, AstraZeneca, North Ryde, NSW, Australia) using a modification of the method described by Evans [16].
Sampling Procedure
All equipment for both sampling and specimen preparation was arranged before commencing the procedure as shown in Appendix 2. The participant was asked to rest on a bed in a reclined position with a pillow under his/her head and one pillow supporting the lateral side of the foot on the biopsy leg with the non-dominant thigh exposed. The biopsy site was swabbed with betadine solution (MCP Operations, Virginia, QLD, Australia), after ascertaining that participant was not allergic to iodine/fish/shellfish (in which case alcohol was substituted). The participant's non-dominant thigh was injected with local anaesthetic (1% Xylocaine HCl) into the dermis and superficial subcutaneous adipose tissue using tuberculin (dermis) and 5 ml syringes and 21 G needle attached by the physician. The biopsy site was left to become anaesthetized for several minutes, during which time the participant was instructed to try to completely relax the muscles of the lower limb. A longitudinal incision of about 1 cm was made in the skin of the thigh by the physician using a scalpel. The incision was deepened so that the muscle fascia was cut if possible. The first biopsy needle was then inserted deeply into the vastus lateralis muscle by the physician. Attached to the needle were silicon tubing, a 3-way stopcock and a 50 ml syringe. The pipette tip connecting the silicon tubing to the needle was cut at an angle (approximately 30 degrees at the top) that maximized the cross-sectional area of the opening to the needle (see Figure 2) . The 50 ml syringe and stopcock were held by Assistant 1. Sampling of muscle occurred when the physician opened the window of the biopsy needle and signaled Assistant 1 to quickly and vigorously apply suction via the 50 ml syringe. The needle window was then closed and suction was ceased. The 3-way stopcock was re-positioned by the Assistant 1 to allow air to be expelled from the 50 ml syringe, and then the needle was repositioned slightly by quarter turns for second, third and fourth passes to be made on the thigh muscle, and then removed. After that, the second biopsy needle was inserted superficially under the skin through the same incision, and the similar procedures were used to obtain subcutaneous adipose tissue. Once sampling was completed, the muscle and adipose specimens were examined to determine whether an appropriate quantity of muscle and adipose tissue had been obtained. If the quantity of muscle or adipose tissue was insufficient, the sampling procedure was repeated with a third needle through the same incision. Pressure was applied to the incision by Assistant 2 as soon as the needle was removed for several minutes with sterile The participant remained supine until they felt comfortable and the dressings were secure and the physician cleared them to stand. A note was made if any symptoms or complications of the procedure. The participant was advised regarding post-biopsy care and given a written copy of the care instructions (Appendix 3). The participant was called the day following the biopsy to assess any related symptoms, and generally seen within 1-3 days for the initiation or resumption of exercise training.
Specimen Preparation and Storage
Prior to commencement of the sampling procedure, isopentane was poured into a small container and placed in the liquid nitrogen canister until white balls began to form in isopentane (around 2 -5 minutes). The isopentane was not allowed to freeze.
Muscle and adipose samples were placed on the Petri dish, and cleaned with saline to remove visible blood. The muscle sample was divided into 5 samples if possible, and weighed. The samples were placed on foil, and muscle fibers aligned longitudinally, and then placed in isopentane and left for 1 minute. Then the samples were placed in the cryovial tubes, and were frozen immediately in liquid nitrogen. The adipose sample was divided into 4 samples if possible, and weighed. Then the samples were placed in the cryovial tubes, and were frozen immediately in liquid nitrogen.
After the biopsy was finished, the samples were immediately transferred from liquid nitrogen to a -80°C freezer until the time of analyses.
RESULTS
Results are reported from the first 50 participants who finished the study as of Apr 2009. The average age of these 50 participants was 67.8 ± 6.2 years (range 59 to 83 years), 46% women. In total 110 biopsies (73.3%) of those possible were performed on these 50 participants at 3 time points (43 at baseline, 33 at 6-month, and 34 at 12-month). The main reasons for biopsies not being performed were anticoagulation (15.3%; participants who couldn't or forgot to stop anticoagulants), participant refusal (2.7%), technical problems (0.6%), and dropouts (8%). The details are shown in Figure 1 .
There were 110 biopsies, muscle samples obtained in 102 (92.7%) (42 at baseline, 30 at 6-month, and 30 at 12-month), adipose samples obtained in 72 (65.5%) (25 at baseline, 22 at 6-month, and 25 at 12-month), both tissue types obtained in 65 (59.1%) (24 at baseline, 19 at 6-month, and 22 at 12-month) biopsies.
The mean and standard deviation of the weight of the muscle samples was 131 ± 92 mg (range 3 to 424 mg), and the median weight of the adipose samples was 51 mg (range 3 to 412 mg). No adverse effects of biopsies were reported other than mild transient pain and light-headedness. No infections, permanent loss of sensation or other long term sequelae were observed in any participant.
High Molecular Weight (HMW) Adiponectin, Adiponectin, Tumor Necrosis Factor-α (TNF-α), and Interleukin 6 (IL-6) were measured in homogenates of adipose tissues samples obtained in biopsies. All adipose tissue samples obtained were sufficient to analyze all four proteins, and residual sample remained for most participants.
DISCUSSION
This is one of the first reports of both adipose and muscle tissue obtained in the same percutaneous biopsy, and the first to report in detail sampling technique, yield and safety. To our knowledge, there has been only one other publication describing this method to obtain both muscle and adipose tissues from humans with and without type 2 diabetes [15], but the authors did not describe this method in detail.
It was reported by Evans and his colleagues [16] that adding suction to the percutaneous needle biopsy method (as used in this study), increased the size of skeletal muscle specimens compared with the original percutaneous muscle biopsy technique described by Bergstrom in 1962 [17] . The average weight per biopsy of the muscle samples obtained in our study (first 50 participants) was 130.6mg, which was much higher than the average weight reported by Evans (78.5 mg). This may be due to the increased cross-sectional area of the opening of the pipette tip we used to connect the tubing to the needle (see Figure 2) , as our study physician (MFS) who learned the biopsy technique from Dr. Evans, did not cut the pipette tips at such an angle in his laboratory.
The most common reasons for biopsies not being performed were anticoagulation (16%), and dropouts (7.3%). Only 2.7% (4 out of 150 biopsies) of biopsies were not done due to participant refusals. This rate was lower than another similar study of resistance training in older diabetics (10 out of 62 patients or 16.1% refusal rate) reported by Castaneda [18] .
Limitations One limitation of this technique is the inability to precisely identify the site of the adipose tissue obtained, owing to the blind percutaneous biopsy procedure. This is important, as Goodpasteur has reported that the peripheral subcutaneous adipose tissue depot bears a different relationship to insulin resistance than the peripheral subfascial adipose tissue depot, using computerized tomography scanning (CT) to characterize the size of these depots [19] . Although we attempted to remain in the subcutaneous (i.e., above the fascia) space when inserting the second needle, in a few cases adipose tissue was obtained during the first attempt at muscle sampling, or was mixed with muscle tissue in the same needle, and could have represented subfascial/inter-muscular fat or a mix of subcutaneous and subfascial fat.
Another consideration is whether lidocaine infiltation into the subcutaneous adipocytes could have an influence on measurements obtained. As it is not possible to do a percutaneous biopsy without local anaesthesia in humans, this remains to be investigated using comparative samples from humans obtained under general anaesthesia or during liposuction, or using animal models.
CONCLUSIONS
We have shown for the first time that is possible to safely obtain sufficient quantities of both muscle and subcutaneous adipose tissue in a single percutaneous biopsy procedure over the vastus lateralis in older adults. No significant adverse events (syncope, prolonged pain, permanent loss of cutaneous sensation, bleeding, infection, hematoma, etc.) occurred despite the advanced age and presence of type 2 diabetes and multiple co-morbidities in our participants, and the refusal rate was minimal. The volume of muscle tissue obtained was not compromised by subsequent sampling of adipose tissue, and all samples were adequate for multiple analytical procedures.
Our understanding of the possibly protective role of femoral-gluteal subcutaneous fat with regards to metabolic health has been hampered to date by limited information on the morphology, biochemistry and metabolism of this fat depot, its genetic and environmental determinants, and its adaptation to lifestyle and pharmacological interventions. The application of the technique described herein within relevant clinical trials and laboratory studies will hopefully substantially advance knowledge in this field. 
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